One contribution of 13 to a theme issue 'Bioengineering for women's health, volume 1: female health and pathology'. This theme issue of Interface Focus is the first of two sets of articles on the topic of bioengineering in women's health. Although there is a long history of collaboration between engineers and medical professionals in orthopaedics and cardiovascular medicine, there has been growing interest in the last decade for interdisciplinary collaborations in other areas of medical science. This growth is particularly true in the case of women's health, a traditionally underserved area of research in the scientific community where fundamental knowledge of female physiology is still needed. Women's health is a broad category encompassing reproduction, fertility, maternal health, normal and abnormal pregnancy and the sequelae associated with a difficult childbirth. Women's health also includes sex-associated pathology associated with cancer, pain, cardiac disease, osteoporosis and other diseases. This list is not exhaustive with new scientific frontiers developing based on the evolving discourse of medicine for all. This first issue in the series focuses on bioengineering advances in the study of the non-pregnant woman, and the articles highlight important developments in pelvic floor disorders, biomedical devices, fertility, breast implant failure and breast cancer. The second issue in the series focuses on pregnancy.
The first three contributions are review articles. The first presents the history and current contribution of engineering in women's health (Grimm [1] ). The second reports the successes and failures of implanted medical devices to treat stress urinary incontinence (SUI) and pelvic organ prolapse (POP) and to provide contraception (Powers et al. [2] ). The last review discusses the potential interactions between implanted medical devices, mesenchymal stem cells and the inflammatory response (Mukherjee et al. [3] ). The remainder of this theme issue consists of important developments in the areas of pelvic floor disorders, fertility, breast implant failure and breast cancer.
The articles by Routzong et al. [4] and Gordon et al. [5] feature computational simulations of pelvic biomechanics. Both teams use finite-element analysis to test hypotheses regarding the potential pathological mechanisms of POP. Routzong et al. [4] investigate how the inclusion of the superficial perineal structure in a simulation of vaginal delivery impacts common sites of birth-related injuries. Contradictory to the prevailing hypothesis from the literature, the authors observe the superficial perineal structures inhibit perineal body anterior-posterior displacement, thus impacting simulations of vaginal delivery by inferiorly displacing and stretching the perineal body. Gordon et al. [5] develop a customizable finite-element model of pelvic floor support to test hypotheses regarding POP formation. This computational framework is called POPSIM1.0, and it contains anatomically derived finite-element models with the ability to augment pelvic floor tissue material properties and intraabdominal loading. The authors report POPSIM1.0 is able to simulate the anatomical changes frequently observed in POP patients.
The contributions by McGuire et al. [6] and Clark et al. [7] leverage extension -inflation biomechanical tests to determine the material failure properties and the role of smooth muscle cells in rodent vaginal tissue, respectively. McGuire et al. [6] characterize the failure properties of rat vaginal tissue and found that rupture occurs in the circumferential direction by tearing along the axial direction. The authors suggest these new findings will be important for designing clinical strategies to minimize vaginal tearing. Clark et al. [7] demonstrate vaginal smooth muscle basal tone decreases vaginal wall geometry and material stiffness in a murine model. Additionally, the authors report maximum vaginal muscle tone decreases with increasing intraluminal pressures.
The articles by Deng et al. [8] and Kriete et al. [9] examine potential novel treatments for SUI. Deng et al. investigate increasing electrical stimulation of the pudendal nerve bilaterally as a treatment in rat models of SUI. They demonstrate daily electrical stimulation at the pudendal nerve improves functional and structural outcomes, such as leak point pressure and neuromuscular junction innervation, compared to less frequent electrical stimulation or sham control. Thus, the authors suggest daily bilateral electrical stimulation may accelerate recovery from SUI. Kriete et al. [9] investigate how the injection of biomimetic proteoglycans (BPGs) ex vivo changes the physical and mechanical properties of the porcine urethra. The authors demonstrate BPG injection increases water uptake compared to saline-injected controls, suggesting an injection of BPGs may restore the diminished proteoglycan content observed in urethras from SUI patients. Therefore, BPG injections may increase urethral hydration and compliance.
In the next article, Zhang et al.
[10] present a novel imagebased technique to quantify the spontaneous contractions of uterine myometrial smooth muscle in female mice during the pro-oestrus phase. The motivation for the study is to understand the basic uterine mechanisms to promote sperm motility, implantation and pregnancy. Measurements of this type are difficult to accomplish in humans; hence a mouse model is explored. Leveraging this technique, the authors observe one contraction per minute during murine uterine peristalsis at the pro-oestrus phase. This shows that the rate of non-pregnant uterine contractions in mice is similar to that in women, which is important information for this popular model system.
The articles by Ramião et al. [11] and Babarenda Gamage et al. [12] focus on two diverse topics in breast health-manufacturing standards for safe breast implants and image analysis for improved breast cancer care. Ramião et al. use mechanical testing methods to show that intact and ruptured breast implants demonstrate different mechanical behaviours and thicknesses. The authors suggest that variations in manufacturing breast implant shells may contribute to these inconsistencies and ruptures. Therefore, the authors emphasize the importance of using shell thickness as a quality control measure during implant manufacturing. Babarenda Gamage et al. [12] introduce a new automated image analysis workflow to improve breast cancer treatment. This workflow leverages image processing, machine learning, biomechanical modelling and population-based statistics to predict tumour location with changes in patient positions between imaging diagnosis ( prone) and treatments (supine).
In closing, we are grateful to all authors for providing excellent contributions that describe the current progress in an exciting emerging field. This field is in some ways a consolidation of many diverse and independent researchers uniting under the umbrella topic of bioengineering in women's health. This presents many opportunities for cross-pollination of knowledge across field boundaries and medical specialities. We hope these articles stimulate much discussion and future action to continue to apply bioengineering techniques in new areas for the improvement of human health and female health in particular.
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